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Rural landscapes in central and eastern Europe provide valuable ecosystem services and support high levels of biodiversity. 
These landscapes face an increasing pressure from human development and changes in agricultural practices. Pond-breeding 
amphibians and their breeding habitats are especially vulnerable to land-use changes. We studied waterbody use by amphib-
ians in a rural landscape from Haţeg Geopark, Central Romania, a region where large areas are still under traditional land use. 
We surveyed 55 waterbodies, characterized them and their surrounding terrestrial habitats with 22 variables. Amphibians 
were more sensitive to waterbody-related variables than to landscape parameters. Man-made waterbodies had lower species 
richness than natural ones, but often represent the only breeding habitats available. The low importance of the landscape 
variables for amphibians is the result of traditional and environment-friendly land management, which maintains a mosaic 
landscape where the optimal terrestrial habitats for amphibians are still well represented.
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Rural landscapes of central and eastern Europe (CEE) are still characterized by predominantly traditional 
agricultural practices, creating and maintaining landscape 
mosaics with high species richness (Bignal & McCracken, 
2000; Palang et al., 2006). These diverse rural landscapes 
are now under threat by land-use intensification, partly 
encouraged by the Common Agricultural Policy follow-
ing the European Union expansion (Young et al., 2007), 
land abandonment or  land-use change (Plieninger et al., 
2006; Kuemmerle et al., 2009).
Amphibians are declining worldwide and are consid-
ered the world's most endangered vertebrates (Baillie et 
al., 2004; Stuart et al., 2004). Pond-breeding amphibians 
are particularly sensitive to habitat changes, due to their 
complex life-cycle and the need of interconnected aquatic 
and terrestrial habitats for breeding, feeding and over-
wintering (Moran, 1994; Wells, 2007). Amphibians often 
persist in human-altered environments, because human 
activity indirectly creates and maintain suitable habitats 
for them (Hazell et al., 2004; Herzon & Helenius, 2008; 
Hartel et al., 2010a, b). Artificial waterbodies created for 
various purposes may act as important breeding habitats 
for amphibians (Beebee, 1997; Knutson et al., 2004; Dal-
beck & Weinberg, 2009, Curado et al., 2011), and often 
support high amphibian species richness (Beebee, 1997; 
Abellan et al., 2006; Ruggiero et al., 2008; Thiere et al., 
2009). Documenting amphibian habitat use in human-
modified landscapes is important for promoting efficient 
conservation and management measures.
In many regions of Romania, rural landscapes are still 
managed in a traditional or environmentally friendly way. 
After 1990, the use of pesticides and chemical fertilizers 
decreased steadily (Ciaian & Pokrivcak, 2007; Turnok, 
1996). Studies carried out in lowland areas of Romania 
show that traditional agricultural practices are crucial for 
the creation and maintenance of self-sustainable and spe-
cies-rich amphibian communities (Hartel et al., 2010b). 
Our present study aims to i) assess the use of waterbod-
ies by amphibians in a traditional rural landscape, ii) 
identify waterbody characteristics useful for predicting 
the amphibian species occurrences, and iii) evaluate the 
importance of man-made habitats for the persistence of 
amphibians. 
Study area
Haţeg Geopark (HG) is located in the western part of 
Romania, in the Haţeg depression (N 45o12’–45o18’, E 
22o25’–23o20’) with an area of 1024 km2 (Fig. 1). HG 
has the highest human population density for a protected 
area in Romania (34.5 inhabitants/km2). The landscape is 
highly diverse and traditional agricultural practices are 
still predominant. Forests prevail (48%), followed by pas-
tures and natural grassland (19%), and arable land (18%). 
Only 4% of the area is built-up. The mean annual tem-
perature varies between 6 and 8° C, and the mean annual 
rainfall varies between 700 and 800 mm/year. 
INTRODUCTION
MATERIALS AND METHODS
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Waterbody survey
Waterbodies were surveyed during the period 2004-2008. 
Waterbodies were visited multiple times during and af-
ter the breeding season of amphibians in order to detect 
breeding adults, eggs, larvae and/or juveniles. Due to the 
predominant temporary and small-sized character of the 
ponds, we were confident that we detected each inhabiting 
amphibian species. The geographic coordinates and alti-
tude were measured with a handheld Garmin GPS device. 
Water temperature, pH and conductivity were measured 
with a portable Oakton Waterproof pH/mV/C Meter.
Each waterbody was characterized by the following 
variables: origin (natural or man-made), type (puddle, 
wetland, drainage ditch, pond, reservoir), risk of des-
iccation (low, medium, high), maximum water depth 
(cm), area (m2), water vegetation (presence or absence 
of macrophytes), presence of fish and invertebrate preda-
tors, temperature (oC), pH and conductivity (μS/cm). The 
presence of leeches, aquatic Coleoptera, Odonata larvae 
and Heteroptera was used to evaluate invertebrate preda-
tion risk and was assessed by dip-netting (Knutson et al., 
2004). The presence/absence of fish was based on visual 
assessments, dip-netting and information provided by lo-
cal fishermen. We considered a pond complex if at least 
two other water bodies were present in a 50 m radius. 
Waterbodies where eggs, larvae and/or juveniles were 
found were considered breeding habitats. The presence 
of paved roads was considered (if the distance between 
waterbodies and roads was less than 50 m), since they 
present a high mortality risk for amphibians due to in-
tense traffic (Hels & Buchwald, 2001). We combined the 
green frogs Pelophylax esculentus and P. ridibundus due 
to difficulties of identification in the field (Pagano & Joly, 
1998). Pelophylax lessonae could be distinguished from 
the other green frogs.
GIS analysis
Landscape variables were obtained from the Corine 
Land Cover 2000 (CLC2000) seamless vector database, 
finalized in the early 1990s as part of the European Com-
mission programme CORINE (European Environment 
Agency, 2009). The CLC2000 interpretation for our study 
area in Romania is based on year 2000 satellite imagery. 
The land cover details are limited to a minimum mapping 
unit (MMU) of 25 ha, and only features that are relatively 
stable in time are represented (Heymann et al., 1994).
The land cover was extracted for each waterbody lo-
cation in a 500 m radius (an area of 78.5 ha) using the 
Buffer analysis tool in ArcGIS Desktop 9.3.1 ArcInfo 
license (ESRI, 1995-2010). Each buffer area was inter-
sected with the CLC2000 vector layer in order to generate 
an independent set of polygons that represented the land 
cover. A query in Microsoft Access 2007 was used to ag-
gregate the results and generate the percentages of each 
land cover within each buffered area around waterbod-
ies. For the 14 resulting CLC classes, categories with less 
than two occurrences were included in the nearest CO-
RINE level (Table 1).
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Fig. 1. Waterbodies inventoried in the Haţeg Geopark (black squares) in Romania (bottom left). Data sources: 
CLC2000 (Copyright EEA, Copenhagen, 2007), Geo-spatial.org, Ministry of Environment and Forests, Romania.
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Data analysis
We considered that a given species of amphibian was pre-
sent in a particular waterbody if at least one life stage was 
detected. All continuous variables were z-transformed 
(standardized to an average of zero and a standard devia-
tion of one) to increase the comparability of predictors 
(Ćirović et al., 2008), and a Hellinger transformation was 
applied to categorical variables to meet the assumption 
of Principal Component Analysis (PCA).  PCA was used 
to remove intercorrelations inherently present within 
the explanatory variables, and to reduce the number of 
predictors. Eight principal components (Table 2) were 
considered significant under a broken-stick distribution 
(Jackson, 1993; Diniz-Filho et al., 1998). The VARIMAX 
method with Kaiser normalisation was used as a rotation 
method. The first principal component (Comp.1) was rep-
resented by water chemistry (Wch), the second (Comp.2) 
by water volume (Wv), the third (Comp.3) by rural land-
scape (Rl), the fourth (Comp.4) by high impacted adjacent 
Amphibians in a rural  landscape
Table 1. Corine Land Cover codes and their assigned variables.
CORINE code Variables 
1.1.2.and 1.2.1. Settlement
2.1.1. Arable land
2.2.2. Orchard
2.3.1. and 3.2.1. Pastures
2.4.2. Complex cultivation
2.4.3. Arable land with areas of natural vegetation
3.1.1. and 3.1.2. Forest
3.2.4. Transitional woodland-shrub
5.1.2., 4.1.1. and 5.1.1. Inland water
Arable land with areas 
of natural vegetation Alnv -0.006 0.077 -0.016 0.017 0.037 -0.006 0.780 -0.056
Complex cultivation Cc 0.045 0.029 -0.122 -0.005 0.100 0.043 0.016 0.893
Transitional woodland shrubs Tws 0.030 0.115 0.013 0.053 0.587 -0.152 -0.014 0.095
Pasture Past -0.074 -0.009 -0.263 0.581 0.217 0.157 -0.206 -0.201
Settlement St 0.098 -0.206 0.605 0.286 -0.166 0.284 0.132 0.110
Forest Fst 0.008 -0.086 0.012 -0.056 -0.514 -0.393 -0.169 -0.013
Orchard Ft 0.056 0.006 0.466 -0.196 0.166 -0.244 -0.300 -0.047
Inland water Iw 0.034 0.097 0.048 0.045 -0.032 0.655 0.015 0.065
Pond complex Pc 0.023 -0.034 -0.046 0.015 0.009 -0.004 0.007 0.005
Vegetation Veg 0.004 0.063 0.078 -0.009 -0.006 0.003 0.044 0.013
Predators Pr 0.035 0.022 0.011 0.045 -0.010 0.037 0.076 0.054
Fish Pf -0.005 0.022 -0.001 -0.002 0.014 0.010 0.001 0.005
Roads Rd 0.007 0.001 -0.048 -0.024 -0.003 -0.009 0.027 -0.053
Percentage of 
explained variation 16.236 28.124 37.839 46.104 53.282 59.590 65.174 70.137
Explanatory variables Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6 Comp.7 Comp.8
Habitat origin Ho 0.002 -0.005 -0.007 0.003 -0.001 0.000 0.000 0.004
Habitat type Ht 0.000 0.002 0.003 -0.001 0.001 0.000 0.000 -0.002
Desiccation risk Dr -0.048 -0.220 -0.067 0.010 0.049 -0.024 -0.083 0.040
Surface area S 0.029 0.375 0.145 -0.042 -0.119 -0.008 0.153 0.160
Maximum depth Md -0.113 0.572 0.071 -0.079 0.197 0.082 -0.020 -0.165
Water temperature Wt 0.357 -0.075 -0.003 0.025 -0.029 0.063 -0.067 0.008
pH - 0.360 -0.046 0.018 0.019 -0.031 0.072 -0.036 0.042
Conductivity C 0.345 -0.055 -0.053 -0.068 0.104 -0.084 0.114 0.086
Arable land Al -0.029 0.074 -0.102 -0.531 0.055 0.117 -0.190 -0.186
land use (Hilu), the fifth (Comp.5) by the woodlands 
(Wl), the sixth (Comp.6) by inland water, the seventh 
(Comp.7) by arable lands with areas of natural vegeta-
tion, and the eighth (Comp.8) by complex cultivation 
(for details see the coefficients of the first eigenvalues 
in Table 2). The eight variables extracted by PCA axes 
were used to build 12 a priori models (Table 3).
An information-theoretic approach was used to 
identify the appropriate models for predicting the oc-
currence of individual amphibian species (Generalized 
Linear Model (GLM) assuming binomial error and 
a logit link function) and species richness (GLM as-
suming normal errors and a identity link function; the 
assumptions required by GLM were checked prior to 
the analysis). In order to reduce the heteroscedasticity 
of amphibian species richness (dependent variable), a 
log
10
 transformation was applied. The species that oc-
curred in less than five sites were excluded from the 
single species modeling.  For each model, the AIC value
Table 2. PCA loadings of explanatory variables.
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Table 3. Candidate models used in the analysis of species richness and occurrence of individual amphibian 
species in ponds from HG. Wch - water chemistry, Wv - water volume, Rl - rural landscape, Hilu - high impacted land 
use, Wl - woodland, Iw - inland waters, Alveg - arable land with areas of natural vegetation, Cc - complex cultivation 
Model name Covariates 
Model 1 Global  Wv, Wch, Rl, Hilu, Wl, Iw, Alveg, Cc
Model 2 Abiotic  Wv, Wch
Model 3 Water chemistry Wch
Model 4 Water volume Wv
Model 5 Adjacent land use Rl, Hilu, Wl, Iw, Alveg, Cc
Model 6 Adjacent human land use Rl, Hilu, Alveg, Cc
Model 7 Cropland Alveg, Cc
Model 8 Woodland Wl
Model 9 High impacted land use Hilu
Model 10 Low impacted land use Alveg
Model 11 Inland waters Iw
Model 12 Rural landscape Rl
Table 4. Altitude, physical and chemical parameters measured in waterbodies from HG.
We identified 55 waterbodies in the study area (Fig. 1). 
Most of them were small and temporary (82% less than 
50 m2 in area, Table 4). Man-made habitats were slightly 
prevalent (56%). Amphibians were present in 95% of 
waterbodies, but only 66% of the sites were used for 
breeding. Thirty-five percent of breeding habitats were of 
anthropogenic origin, and 31% were natural (Fig. 3). We 
recorded ten amphibian species and a species complex: 
Bombina variegata, Rana dalmatina, R. temporaria, 
Hyla arborea, Bufo bufo, Pseudepidalea viridis, Triturus 
cristatus, Lissotriton vulgaris, Salamandra salamandra, 
Pelophylax lessonae and P. esculentus complex. 
Pseudepidalea viridis, S. salamandra, P. lessonae and R. 
was found only in man-made habitats (Fig. 3). 
The eight variables extracted by PCA explained more 
the 70% of the original variation (Table 2). Table 5 sum-
marizes the model selection results and Table 6 provides 
parameter estimates of the used covariates. The best 
model for species richness was Water Volume, followed 
by the Abiotic and Woodland model (Table 5). Water 
Volume was also the best model for the occurrence of B. 
variegata, R. dalmatina, T. cristatus and L. vulgaris. The 
Abiotic and Woodland models best predicted the occur-
rences of B. bufo and R. temporaria, respectively. The 
best model to predict the presence of Hyla arborea was 
Rural Landscape, whereas the presence of P. esculentus 
complex was best predicted by Inland Water. The mod-
el-averaged parameter estimate (Table 6) indicated that 
water volume was the best predictor for species richness, 
and the occurrence of R. dalmatina, T. cristatus and L. 
vulgaris. Woodland was negative for R. temporaria, and 
Inland Water was positive for P. esculentus complex. 
Parameters of waterbodies Mean±SD Range
Altitude 495.07±114.2 337–828
Water surface (m2) 42.8±79.5 2–400
Depth (cm) 30.8±24.9 15–150
Temperature (oC) 22.3±4.3 14–34
pH 5.4–8.7
Conductivity (µS/cm) 220.6±149.6 34.2–683
RESULTS
temporaria were present in less than five sites. The most 
common species was B. variegata, with occupancy of 
92% in natural and 81% in man-made habitats, followed 
by R. dalmatina and P. esculentus complex with 29% 
and 26%, respectively (Fig. 2A). Species richness was 
significantly higher in natural habitats than in man-made 
habitats (F=5.773, P=0.02) (Fig. 2B). Bombina variegata, 
R. dalmatina and P. esculentus complex used a high 
percentage of sites for reproduction. Bufo bufo offspring
was calculated using correction for small sample size 
(AICc) (Burnham & Anderson, 2002). The models were 
then ranked according to their AICc values, the best mod-
el having the smallest AICc value. Delta (Δ) AICc was 
computed as the difference between each model and the 
best model. The Akaike weights (wi) express the weight 
of evidence favouring the model as the best of all mod-
els. Akaike weights were used to calculate parameter 
estimates and their variances using “model averaging”. 
Statistical procedures were implemented in R 2.1.0 (R 
Development Core team, 2005). The model selection and 
model averaging were performed with the AICcmodavg 
package (Mazerolle, 2009).
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R. dalmatina Mod4 2 63.7 0 0.46
Mod2 3 65.66 1.96 0.17
Mod9 2 66.39 2.69 0.12
Mod11 2 67.47 3.77 0.07
R. temporaria Mod8 2 29.82 0 0.84
P. esculentus  complex Mod11 2 62.99 0 0.56
Mod12 2 66.98 4 0.08
Mod3 2 67.42 4.43 0.06
Mod8 2 67.79 4.8 0.05
Mod9 2 67.98 5 0.05
Mod7 3 68.01 5.03 0.05
H. arborea Mod12 2 44.04 0 0.25
Mod4 2 45.22 1.18 0.14
Mod10 2 45.84 1.79 0.1
Mod8 2 45.9 1.86 0.1
Mod3 2 46 1.96 0.1
Mod9 2 46.12 2.08 0.09
Mod11 2 46.16 2.11 0.09
Mod7 3 46.84 2.8 0.06
Mod2 3 47.3 3.26 0.05
T. cristatus Mod4 2 45.19 0 0.34
Mod8 2 45.85 0.66 0.24
Mod12 2 46.76 1.57 0.15
Mod2 3 47.42 2.23 0.11
L. vulgaris Mod4 2 43.02 0 0.52
Mod2 3 44.15 1.12 0.29
Mod1 9 46.16 3.13 0.11
   
Model K AICc Δi wi
Species richness Mod4 3 -20.19 0 0.65
Mod2 4 -18.08 2.11 0.22
Mod8 3 -14.88 5.31 0.05
B. bufo Mod2 3 50.27 0 0.21
Mod4 2 50.7 0.43 0.17
Mod7 3 50.87 0.6 0.15
Mod3 2 50.89 0.62 0.15
Mod8 2 52.36 2.09 0.07
Mod12 2 52.94 2.67 0.05
Mod11 2 53.11 2.84 0.05
Mod10 2 53.22 2.95 0.05
Mod9 2 53.25 2.98 0.05
B. variegata Mod4 2 46.22 0 0.29
Mod8 2 47.4 1.18 0.16
Mod2 3 47.8 1.58 0.13
Mod12 2 48.12 1.9 0.11
Mod11 2 48.73 2.51 0.08
Mod10 2 49.17 2.95 0.07
Mod3 2 49.31 3.09 0.06
Mod9 2 49.53 3.31 0.06
Table 5. Model selection results. Models are ranked in a decreasing Akaike weight (wi). Models with Akaike weight 
<0.05 are not shown. K - number of estimated parameters, AICc - second order Akaike Information Criterion 
corrected for small sample sizes, Δi - AIC difference, wi - Akaike weight.  
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R. dalmatina Estimate -0.16 0.68 0.22 -0.47 -0.03 -0.38 -0.08 -0.03
SE 0.32 0.33 0.29 0.32 0.31 0.37 0.32 0.32
CIL -0.79 0.03 -0.34 -1.09 -0.63 -1.11 -0.71 -0.65
CIU 0.46 1.33 0.78 0.15 0.57 0.35 0.54 0.59
R. temporaria Estimate 0.41 0.35 -0.57 0.60 -1.48 -0.47 0.24 -0.81
SE 0.53 0.47 1.04 0.75 0.64 0.92 0.68 1.34
CIL -0.63 -0.57 -2.61 -0.87 -2.74 -2.27 -1.10 -3.43
CIU 1.45 1.26 1.46 2.07 -0.23 1.34 1.57 1.80
P. esculentus  complex Estimate 0.36 0.16 0.53 0.29 0.37 0.74 -0.03 0.40
SE 0.33 0.30 0.32 0.34 0.36 0.33 0.34 0.31
CIL -0.27 -0.42 -0.09 -0.38 -0.34 0.08 -0.69 -0.20
CIU 1.00 0.74 1.15 0.95 1.09 1.39 0.63 1.00
H. arborea Estimate 0.17 0.35 0.37 0.07 -0.21 -0.03 -0.26 -0.89
SE 0.42 0.35 0.33 0.41 0.41 0.42 0.49 0.75
CIL -0.65 -0.33 -0.27 -0.74 -1.01 -0.84 -1.22 -2.37
CIU 0.98 1.03 1.01 0.89 0.59 0.79 0.70 0.58
T. cristatus Estimate -0.04 0.73 0.13 -0.03 -0.81 0.02 0.12 0.59
SE 0.41 0.36 0.42 0.44 0.43 0.39 0.39 0.33
CIL -0.85 0.04 -0.69 -0.90 -1.66 -0.74 -0.64 -0.07
CIU 0.77 1.43 0.95 0.84 0.04 0.78 0.88 1.24
L. vulgaris Estimate 0.44 1.25 0.09 2.86 -1.74 -0.04 1.23 -1.04
SE 0.49 0.59 0.49 2.03 1.16 0.76 0.96 1.73
CIL -0.52 0.10 -0.87 -1.11 -4.00 -1.52 -0.65 -4.43
CIU 1.40 2.41 1.06 6.83 0.53 1.44 3.11 2.36
Wch Wv Cc Hiat Wl Iw Alveg Rl
Species richness Estimate 0.01 0.08 0.03 0.02 -0.04 0.02 -0.02 0.01
SE 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
CIL -0.04 0.02 -0.03 -0.04 -0.10 -0.04 -0.08 -0.04
CIU 0.06 0.13 0.08 0.07 0.01 0.07 0.03 0.07
B. bufo Estimate -0.63 0.55 -1.96 0.05 0.36 0.14 0.13 0.39
SE 0.42 0.33 1.31 0.38 0.39 0.35 0.36 0.45
CIL -1.45 -0.10 -4.52 -0.71 -0.41 -0.55 -0.58 -0.50
CIU 0.19 1.20 0.61 0.80 1.14 0.83 0.85 1.29
B. variegata Estimate 0.32 -0.65 0.14 0.23 -0.63 0.50 -0.30 -0.45
SE 0.41 0.34 0.47 0.40 0.41 0.53 0.35 0.33
CIL -0.49 -1.32 -0.79 -0.55 -1.44 -0.54 -0.98 -1.09
CIU 1.13 0.03 1.06 1.00 0.18 1.53 0.38 0.19
Table 6. Coefficients of covariates predicting species richness and individual species occurrence obtained by 
model averaging (significant associations are in italics). SE - unconditional standard error; CIL - unconditional lower 
confidence interval; CIU - unconditional upper confidence interval.
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Fig. 2(A) Frequency of amphibian species in waterbodies 
with natural (n=24) and man-made origin (n=31). (B) 
Amphibian species richness in waterbodies of natural 
and man-made origin (n=55).
Fig. 3. Percentage of waterbodies used by amphibians 
for reproduction (species found in more than five sites). 
A high percentage of the inventoried waterbodies used 
by amphibians were man-made: temporary ponds such 
as puddles and ponds near the road, drainage ditches 
including open ditches parallel to the road or traditional 
agricultural drainage ditches. Almost 75% of such 
waterbodies possessed a high risk of desiccation, and 
were favoured by species with a short larval period, such 
as B. variegata, R. dalmatina and P. esculentus complex. 
Bombina variegata was the most common species in the 
region, despite its high protection status.
Man-made waterbodies play an important role in the 
persistence of amphibians (Knutson et al., 2004; Dalbeck 
& Weinberg, 2009), sometimes providing the only 
available breeding habitats (e.g. Curado et al., 2011). Our 
research confirms these findings. Only two species were 
not detected in man-made habitats (R. temporaria and P. 
viridis).  The low occurrence of R. temporaria might be 
caused by a study site at low elevation. More than a third 
of the waterbodies contained reproductive adults, but no 
eggs or larvae. Adult individuals may have used such 
water bodies as stepping stones (e.g. Hartel et al., 2011), 
connecting critical habitats for breeding (Semlitsch, 1998; 
Mazerolle, 2005). 
Aquatic habitat characteristics were generally more 
important than landscape parameters. This finding is in 
line with other studies on amphibian habitat use traditional 
rural landscapes of Romania (Hartel et al., 2010a, b). The 
quality of waterbodies may change rather rapidly, while 
the terrestrial habitat quality remains more constant due to 
the persistence of traditional agriculture. Precipitation is a 
major factor influencing the quality of temporary ponds, 
and hydroperiod can be the most important determinant of 
waterbody use where only temporary ponds are available 
for breeding (e.g. Hartel et al., 2011). Permanent ponds 
often contain introduced fish predators which are harmful 
for some amphibian species (Hartel et al., 2010c). 
Models containing terrestrial habitat variables were 
generally stronger predictors of amphibian occurrence 
in ponds. This highlights the importance of considering 
habitat complementation (i.e. both aquatic and terrestrial 
habitats) for understanding occurrence of pond breeding 
amphibians (van Buskirk, 2005). Pelophylax esculentus 
complex appeared frequently in ponds near human 
settlements. This species may colonize very heterogeneous 
habitats (Pavignano et al., 1990; Pagano et al., 2001) and 
can be found in landscapes highly exploited by humans 
(Ficetola & De Bernardi, 2004; Loman & Lardner, 2006).
Implications for conservation 
Nine out of eleven amphibian species used man-made 
waterbodies either for reproduction or dispersal. After 
1990, changes in land ownership produced changes in 
land use patterns including land abandonment and land 
use intensification (Boboiciov & Cojocaru, 2010). Both 
can result in the loss or isolation of waterbodies. In our 
study area, 73% of the inventoried waterbodies had 
agricultural fields within 500 m of their surroundings. 
Bombina variegata declined in many parts of Western 
Europe following the disappearance of small, temporary 
DISCUSSION
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